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ihe energy market in Australia, chal- 

lenging power utilitics to operate 
more efficiently. An important aspect of 
this challenge is to maximize production 
from the turbogenerators that are at che 
heart of electrical power generation. 
Within Pacific Power, we have 
responded by changing the way we man- 
age our turbopgenerators, 
required us to improve the quality of the 
vibration information that we base our 
decisions on. The online monitoring sys- 
tems we have installed, including the 
Bently Nevada Engineer Assist™ expert 
system, have enabled us to implement a 
Condition Dependent Maintenance pro- 
gram that has improved the perfor- 
mance of our power plants, 


| ndustry reform is rapidly changing 


This change 
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Machinery Messages 


Australian utility imp! 
Transient Data Manager“® 


Background 


Paciic Power is the trading name for 
the Eleccricity Commission of New 
South Wales, in southeastern Australia. 
Pacific Power, Australia's largest electri- 
cal producer, owns and operates seven 
major coal-fired power stations in New 
South Wales State, with a total capacity 
of approximarely 12,000 MW. Pacific 
Power's Power Engineering Group pro- 
vides engineering and technical services 
to bach internal anc external power std- 
tion customers. The Power Engineering 
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Group's Turbine and CW Systems 
Branch is located in Sydney, and its 
Mechanical Plant Testing (MPT) Section 
is located in Newcastle, 160 km (100 
miles) north of Sydney. 

The Power Engineering Group sup- 
ports the operation of the Bayswater and 
Mt. Piper Power Stations. Bayswater is 
located 240 km (150 miles) northwest of 
Sydney, and Mt. Piper is located 120 km 
(75 miles) west of Sydney (see map). 
Bayswater Power Station has four 660 
MW turbogenerarcors, and Mt. Piper has 
nwo, 
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oves operation with 
2 and Engineer Assist™ 


The turbogeneraror OEM originally fit- 
ted each of the turbogenerators’ 10 bear- 
ings with single vibration detectors, as 
part ota Turbine Supervisory Equipment 
package. The detectors’ signals are used 
for unit runup, general annunciation, 
computer alarms, vibration indication for 
plant operators and a conditional unit 
tripon high vibration, We consider it adw- 
quate for unit protection, but not capable 
of providing sufficient information for a 
condition dependent operation and 
maintenance strategy that relies on con- 
tinuous vibration monitoring and 
diagnosis. 

For this reason, in 1989 we began to 
retrofit every 660 MW turboeenerator 
with a Keyphasor™ probe, and XY prox- 
imity probes on every bearing. We hoped 
to provide the basis for future purchases 
of analysis and expert systems, which, at 
that time, were in an early stage of 
development, 

Prior to the installation of online mon- 
itoring at Bayswater and Mc. Piper, 
machinery at both plants was monitored 
with a portable Bently Nevada ADRE® III 
system that used 108 DADs (Data Acquisi- 
tion Instrument. This required opera- 
tors from MPT to travel from Newcastle to 
cach of the plants. Each visit to Bayswater 
consumed two hours driving time each 
way, and cach visit to Mt. Piper, four 
hours each way. This was both time- 
consuming and expensive, 


Condition Dependent Maintenance 

In the last few years, Pacific Power has 
focused on improving the asset manage- 
menl of its operational plants, to best 
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Turbine deck at one of Pacific Power's facilities 


operate and maintain che turbogenera- 
tars in a safe condition over their ego- 
nomic life. The strategy we adopted is 
based on Condition Dependent Mainre- 
nance. Under this concept, machine 
condition is closely monitored co allow 
improved maintenance planning and to 





reduce maintenance downtime and 
costs. Condition Dependent Mainte- 
nance requires continuous and in-depth 
awareness of each machine's condition, 
With this in mind, Pacific Power began 
investigating turbogeneratar condition 
monitoring Systems. 
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Bayswater Power Station near Sydney, New South Wales, Australia 


Bayswater and Mc. Piper requested 
that Turbine and CW Systems research 
online monitoring and expert systems. 
Turbine and CW Systems’ research 
showed that these systems have signifi- 
Cant advantages over other systems. 
Online systems increase plant availabil- 
ity through early problem detection and 
diagnosis, and allow better operational 
management and maintenance plan- 
ning. Pacific Power found a number of 
companies selling online vibration mon- 
itoring systems, and a few selling expert 
systems. Pacilic Power drew up specili- 
cations, and we invited companies to bid 
individually on the Bayswater and Mc. 
Piper projects. Pacific Power selected 
Bently Nevada systems for both plants. 
We felt that Bently Nevada's expert sys- 
tem, Engineer Assist, combined with 
Bently Nevada's unique approach to 
vibration monitoring and connectivity, 
hese MEL Our needs, 
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Pacific Power's online system 


The Bently Nevada online monitoring, 
diagnostic and expert systems were 
commissioned at Bayswater in June, 
1993 and at Mt. Piper in April, 14994. Both 
installations are similar, Each uses 
Bently Nevada 3300 Series proximity 
transducers, in an XY configuration, on 
each bearing of each turbogenerator. 
These probes are connected to 4300 Svs- 
tem Vibration Monitor racks chat pro- 
vide continuous monitoring. 

The 3300 racks are connected to Tran- 
sient Data Manager™ External (TDLX) 
Communications Processors that con- 
tinually acquire and process vibration 
data from the 3300 racks. Process vari- 
able data, such as electrical output and 
bearing and oil temperatures, is gol- 
lected by Bently Nevada Process Data 
Manager” (PDM) Communications Pro- 
cessors. The TDIXs and POMS are con- 
nected to a Transient Data Manager” 2 





(TDM2) computer system that continu- 
ally monitors and trends turbogenerator 
vibration and process data during 
startups, shutdowns and during steady- 
state operation. The TDM2 system can 
also plot data in several powerful for- 
mats that make machinery diagnostics 
easier and more accurate, 

At both plants, a Bently Nevada Engi- 
neer Assist Expert sysiem acquires and 
reduces data from the TOM2 computers. 
At Bayswater, Engineer Assist Online is 
installed, which enables the expert sys- 
tem to automatically gather data and 
perform machinery audits via a network 
link to one or more TOM2 computers, At 
Mt. Piper, TOMZ data must be trans- 
ferred to the Engineer Assist computer 
via Pacific Power's network when audits 
are desired. Mt. Piper will soon upgrade 
to Engineer Assist Online. MPT, in New- 
castle, and Turbine and CW Systems, in 
Sydney, each have a copy of TOM2 and 
Engineer Assist Software, so they can 
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perform machinery audits and diagnos- 


tics remotely, via modem. 
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Mt. Piper Power Station, West of Sydney, Australia 


MPT's experience with 
Engineer Assist 

Because our installations are new, our 
experience with them is limited. How- 


ever, we have already reduced our data 
collection coss, and have tested Engi- 
neer Assise’s ability to diagnose machine 
problems, The confidence we have 
gained in the system has enabled us to 
change the way we work, to approach 
problems from a higher, more informed 
perspective. 

The Mechanical Plant Testing group 
provides a good example of how the 
TDMz2 and Engineer Assist systems have 
permitted us to operate more efficiently, 
They have reduced the need for, and 
thus the cost of, manual data collection, 
While increasing both the quality and 
quantity of data available. By freeing 
vibration consultants from the tirme- 
consuming task of data collection, these 
systems allow them more time for value- 
added diagnostic services. MPT uses the 
remore communication facilities of both 
TOM? and Engineer Assist to investigate 


machine faults without travelling from 
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the office in Newcastle. Each time anal- 
vais is requirecl, four hours of travel time 
to Bayswater is saved, and cight hours of 
travel time to Wit. Piper. 

MPT has also found Engineer Assist 
valuable as a teaching tool, Its reports 
contain excellent descriptions of 
vibration-relatecdl machine faults and 
their associated symptoms. Because 
many of MPT's personnel have attended 
Bently Nevada Machinery Diagnostic 
Training Courses, they are already famil- 
iar with the methedologies used by 
Engineer Assist, Reading Engineer Ass- 
ist's reports helps sharpen MPT Vibra- 
Lion Specialists’ skills, and teaches those 
unfamiliar with the methodologies how 
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to efficiently and effectively approach 
vibration diagnostics. 


Bayswater tests Engineer Assist 
Pacific Power's G60 MW turbogzenera- 
tors, installed in the late 1970's and 
1940s, have IP rotors of nearly identical 
design. Since commissioning, a number 
of these IP rotors have displayed a grad- 
Wal increase in their synchronous vibra- 
tion amplitude through the first balance 
resonance, which in some cases has 
required rotor balancing to rectify. MPT, 
along with Bayswater and PPE person- 
nel, have been closely monitoring the IP 
rolors, using permanently installed 
Bently Nevada XY proximity probes. We 
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Figure 1: 
Polar plot of Bearing 4 rundown, prior to balancing. Full-scale amplitude is 150 um pp. 
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Figure 2: 
Polar plot of Bearing 4 startup, after balancing. Full-scale amplitude is 75 um pp. 
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have trencled the following parameters 
on each turbogenerator: 

® 1X vibration amplitude and phase at 
the first balance resonance. 

+ IP Bearing (Bearings 3 and 4) slow 
roll runout. 

*Rotor mid-span slow roll runout, 
using a temporarily-mounted prox- 
imity probe, 

During 1993, MPT, using portable 
Bently Nevada 108 DAIs, detected an 
increase in both running speed and first 
balance resonance vibration on the IP 
turbine bearings on Bayswater’s Unit 
#2. The levels detected, although higher 
than desirable, were still within limits, 
and due to operational constraints, it 
was not possible to carry out corrective 
action, 

Since then, Bayswater’s new TDM2 
and Engineer Assist systems have given 
us new power to investigate this prob- 
lem. For the first time, we can apply 
continuous online monitoring, trending, 
and automatic data capture on startups 
and shutdowns, to our investigations of 
the vibration state of these IP rotors, 

From January 1994 onward, we used 
the TDM2 System to automatically 
record most of the startups and shut: 
downs on Unit #2. Trends of this data 
showed MPT chat IP 1X vibration ampli- 
tucle at the first balance resonance was 
gradually increasing. Between Decem- 
ber, 1993 and October, 1994, IP first bal- 
ance resonance vibration at Bearing 4's 
X transducer increased from 110 um pp 
at 135°F to 145 um pp at 150°, with only 
a small increase in running speed vibra- 
tion. The slow roll runout at Bearing 4 
also increased slightly, to 37 pm pp at 
442° To obtain further data, we con- 
ducted an IP mid-span rotor runout test 
in October, 1994. Although we detected 
no increase in midspan how, we mea- 
sured a runout ol 37 um pp at 67”. 


To assess the capabilities of the 
recently installed Engineer Assist System 
and to confirm its diagnoses, we con- 
ducted a series of Engineer Assist audits. 
We compared Engineer Assist audits of 
diferent turbogenerators with what we 
knew about the state of those machines. 
For Bayswater’s Unit# 2, Engineer Assist 
correctly identified moderate IP syn- 
chroneus vibration and slow-roll runout 
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on Bearing 4. Engineer Assist suggested 
that the moderate IP synchronous vibra- 
tion might be caused by rotor unbal- 
ance, while the high runout could be a 
result of rotor bowing. 


From the trend plots we generated for 
Unit #2, it was apparent thar, if left 
unchecked, the amplitude at the first 
balance resonance of the IP turbine 
could reach unacceptably high levels, 
Because of the forewarning given by 
TDM2 and Engineer Assist, we decided 
ta trim balance the IP rotor, to recluce its 
first balance resonance vibration (and, if 
possible, running speed vibration), dur- 
ing the next scheduled outage. 


Wwe used Unit #2 rundown data (Fig- 
ure 1}, captured automatically by the 
TDM2 System, and influence vectors cal- 
culated trom similar IP rotors, as inputs 
to Bently Nevada's Multi-plane Balance: 
ing software. The Multi-plane Balancing 
Software then suggested an optimum 
weight configuration to balance this 
rotor, which we installed. 


After balancing, we used TOM2 to 
record runup data for Unit #2, From this 
“one-shot” balancing, the IP first bal- 
ance resonance vibration at Bearing 4 
was reduced to 67 um pp at 145°, and 
running speed vibration was alsa 
reduced (Figure 2). Note the change in 
polar plot scales berween Figures 1 
and 2, 

We continued to monitor Unit #2 as 
At near full 
load, we saw indications of Muid-induced 
instabilicy on Bearing 4, as indicated by 
the near 0.5% vibration on the spectrum 
and orbit‘timebase plots (Figures 3 and 
4). From Previous Measurements, we 
had derermined that 
synchronous COMpPONCHT eccurred atl a 
frequency of approximately 47% of run- 
ning speed. During the course of the 
following week, as the machine heat 
soaked and reached an operating align- 
ment state, the near subsynchronous 
vibration level fell, to an acceptable level 
rtwelve days alter startup. The Direct and 
Not LA vibration levels decreased trom 
80 um ppand 40 um pp to 48 um pp and 
24 um pp, respectively, 


the machine was lorcet, 


this sub- 
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MPT has found that TOM2's ability to 
Continue monitoring the machine after 
runups is invaluable in investigating 
problems which are related ta changes 
in load and temperature. 


Future Plans 

Bayswater is currently expanding the 
system CO monitor eight steam-feed 
pumps. This will allow more cost- 
effective and comprehensive monitor- 
ing of known problems. In che future, we 
plan to integrate TOM2 information into 
an operators’ information system, so we 
can react quickly and intelligently to 
changes in plant condition. 
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Conclusion 

The TDM2 and Engineer Assist systems 
have allowed Paciiic Power to better diag- 
nese machine faults and to trend the rate 
at which machines deteriorate. There- 
fore, MPT’s role has expanded from one 
of data collection and offline investigation 
to continuous machine condition mon- 
itoring. Because fewer vibration special- 
ists are required to collect data, this 
higher level of plant monitoring is cost- 
effective, Moving data and not people, 
clearly means lower specialist support 
gosts. At Pacific Power, our investment in 
TDM?2 & Engineer Assist is proving to be a 
key factor in our Condition Dependent 
Maintenance program. i 
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Figure 3: 
Bearing 4 spectrum plot, two days after return to service. 
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Figure 4: 
Bearing 4 orbit/limebase plot, two days after return to service. 
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